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FOREWORD

This paper is the first of two papers documenting the Individual System/
Organization Cost (ISOC) Model and its applications. The ISOC Model is a
computer program developed in response to a RAC study need to estimate the
relative costs for large numbers of alternative military systems. The large
number of alternatives under consideration in the study precluded the use
of normal hand computation; consequently the computerized cost model
was designed.

The most significant aspect of the ISOC Model is its flexibility in adapt-
ing to specific costing problems. it has been used extensively at RAC in a
variety of costing applications, examples of which are given in the following list:

(a) In the study "Aviation Requirements for the Combat Structure of the
Army" (the ARCSA Study) the ISOC Model was used to estimate the costs ,n a
per-aircraft basis of the entire current Army aircraft inventory. Alternative
estimates were proposed showing costs as a function of various support factors
computed at each of several levels of organizational aggregation.

(b) In a cost-effectiveness study of a light-observation helicopter (LOH)
the ISOC Model was used to measure the cost implications of three competing
aircraft and to evaluate the uncertainty In the cost estimates through sensi-
tivity analysis.

(c) In the "Surveillance and Target Acquisition Aircraft Study" the ISOC
Model was used to determine the cost of various aircraft and sensor config-
urations in an organizational context.

(d) In a study for the Advanced Tactics Group, US Armny Cor-hat Devel-
opments Command, the ISOC Model was used to compute costs for ni. zy multi-
equipment organizations representing different concepts of coeps forces.

The emphasis in this document is on basic description of the ISOC Model
rather than on cost-estimating methodology, derivation of inputs that can be
used in the model, or analysis of the costs computed. A companion paper is
Jodie T. Allen's, Vol II of *The Individual System/Organization Cost Model:
Computer Program Design and Operation."

The IS00 Model was developed by our Cost Analysis Group under the di-
rection of Arnold Meltsner. In addition to the author, other members of the
Cost Analysis Group who were instrumental in the development of this model
were Mrs. Jane-Ring Crane and Mrs, Jodie T. Allen.

Robert N. Grosse
Chief, Economric and Costing Division
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ABBREVIATIONS

FOSCOM Force Structure Cost Model
ISOC Individual System/Organization Cost
POL petroleum, oils, and lubricants
TOE table of organization and equipment

ABSTRACT

The Individual System/Organization Cost (ISOC) Model was devised
for the rapid costing of a large number of alternative systems or organiza-
tions. The ISOC Model is a flexible IBM 7040 FORTRAN IV computer
framework to which a variety of individual system or organization cost
models may be adapted for use in cost studies requiring numerous calcula-
tions that cannot be performed conveniently by hand.

This paper is an introduction to the ISOC Model and is not intended
as a precise guide for the operation of the model. An operators' manual
"The ISOC Model Operators' Manual" is in preparation and will be pub-
lished separately.

The basic features of the model and the general procedures for its
operation are described. An example is provided on the adaptation of a
specific cost model, the Surveillance Aircraft System Cost Model, to the
computer framework of the ISOC Model. Fictitious data values for two
hypothetical surveillance-aircraft systems illustrate procedures for trans-
lating data requirements for a specific cost model into a form usable in the
ISOC Model. In actual practice the configuration of the ISOC Model 'will
vary according to the costing problem to which it is applied.
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Chapter 1

INTRODUCTION

The Individual System/Organization Cost (ISOC) Model described in this
paper is an IBM 7040 FORTRAN IV computer program designed to rapidly
calculate the relative costs of large numbers of military systems and organiza-
tions. The basic purpose of the model is to provide a flexible computer frame-
work to which any specific individual system or organization cost model may
be adapted for use in cost studies where the large number of calculations re-
quired cannot be performed conveniently by hand. A cost model that has been
"fitted" to the ISOC Model becomes a unique computerized system or organiza-
tion cost model that may be used for any cost problem requiring its specific
design configuration.

The ISOC Model may be used for a variety of cost studies, e.g., cost esti-
mates of current or proposed tables of organization and equipment (TOEs), cost-
effectiveness analysis, cost estimates of different mixes of hardware within an
organization, or cost-sensitivity analysis of various organizations and systems.

It has been designed for relative ease of operation; the principal operator
of the model is the cost analyst, not a Lomputer programmer, and little if ".ny
knowledge of the IBM FORTRAN IV programming language is required.

Because of the speed and timesaving features of the computer program a
larger number of major cost assumptions may be tested for sensitivity than
would be feasible if these computations were performed by hand.

One of the principal advantages of the ISOC Model is the materiel data
storage file or library. Equipment-cost factors for equipment items common
to the systems or organizations being compared may be "stored" in a data file
for usp in successive calculations thereby eliminating the requirement of enter-
ing these cost factors as new inputs for each alternative to be costed. Once
such cost factors as maintenance float and combat consun'ption for each equip-
ment item have been entered in the library the analyst need only enter as new
inputs the initial allowances for each materiel item to be costed, and subroutines
will then multiply these initial allowances by their respective cost factors (the
materiel data library is discussed in the section "General Characteristics of
the ISOC Model").

It must be remembered, however, that the model merely serves to simplify
and accelerate the process by which the analyst may discover the implications
of his cost estimates. In cost analysis the analyst, not the computer model,
plays the dominant role. The analyst must design the specific individual system
or organization cost model, i.e., he decides what factors are relevant to the cost
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analysis problem and what the interrelations between these factors are to be in
his model. He must also decide the numerical values of the input variables fed
into the ISOC Model. lrnally it is the cost analyst who inspects, analyzes, and
interprets the results that are the outputs of the model.

Chapter 2 presents a general discussion of the basic characteristics of
cost models utilized in the military decision-making process. The principal
features of the ISOC Modei are described in Chap. 3.

Chapter 4 describes a specific cost model, the Surveillance Aircraft Sys-
tem Cost Model, and is used as an example throughout Chap. 5 to demonstrate
the procedures for translating a specific cost model into a form usable in the
ISOC Model computer framework. It should be noted that the examples presented
in Chaps. 4 and 5 are for illustrative purposes only and are not intended to be
restrictive or to represent the only procedures pernitted in using the ISOC
Model. The most useful aspect of this model is its flexibility in adapting to
individual costing problems, and in actual use the procedures followed and
data inputs developed will be determined by the characteristics of the specific
problem to which the model is applied.

Appendix A contains examples of worksheets that ,iay be used for the col-
lection and organization of data inputs prior to their posting on the input sheets
described in Chap. 5. The hypotheticaW data used to illustrate the ISOC Model
are presented in these worksheets.

Although considerable detail is covered in this paper on the features and
procedures for use of the model, the paper is intended to serve as an introduc-
tion to the ISOC Model and not as a precise guide for its operation. An operators'
manual that will provide specific instructions for the operation of the model is
now in preparation and will be published separately.
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Chapter 2

CONCEPTS OF THE DESIGN AND USE OF COST MODELS

This chapter presents a brief description of the basic characteristics of
cost models utilized in the military decision-makiiig process. This review of
the concepts of the design and use of individual sys'em or organization cost
models discusses the requirements for using a cost model, the general character-
istics of a cost model, and the use of cost models for cost-sensitivity analysis.

REQUIREMENTS FOR USING A COST MODEL

One of the major functions of a cost analyst is to provide estimates of the
comparative or relative costs of military systems or crganizations. In order
to cost any system or organization, two steps are invo]ved: (a) the specifica-
tion of what is to be costed, and (b) the application of cost factors and estimat-
ing relations to these physical resources. In comparing one system or organiza-
tion with another, consistency in the handling of similar resource items is of
paramount importance. With the use of cost models there is a better chance
that consistency in method will be followed in making comparisons.

A cost model can be defined as any generalized framework, normally in-
volving quantitative techniques, used to estimate the relative costs of competing
systems or organizations. A cost model usually attempts to simplify the real
world so that a cest analyst may analyze those resource areas Of systems or
or anizations that are critical to the planning process,

Cost analysis is much more than an estimate of the principal materiel item
or items within a system or organization. These equipment items should be
considered in the context of a complete system or organization. The use 01 "n
organizational trameiwork permits costs other than those of th_ major equip-

ment items, such as costs related to personnel, operations, and maintenance,
to be more easily taken into consideration. When comparing alternative sys-
tems or organizations it is therefore necessary to estimate the cost of the com-
plete system or organization. This includes all directly related support costs
extending over the entire period from the beginning of its development to activa-
tion into the force structure and on through its subsequent operation in the

active inventory.
The difference betwtcn a military system and a military organization is

defined in the "Dictiouary of United States Army Terms."

*Dept of Army, Hq, 'Dictionary of United States Army Terms,* ARt 320-5, Jan 61.

5
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Organization - 1. Any military unit; specifically, a larger command composed of
two or more smaller units. In this meaning a mititai'y element of a c-mmand is an or-
garization in relation to its components and a unit in relaLion to higher commands.
2. The definite structure of a military element prescribed by a competent authority such
as a table of organization.

System - An integrated relationship of components aligned to establish proper func-
tional continuity towards the successful performance of a defined task or tasks.

Both systems and organizations are designed to perform a number of
specific military tasks or missions. In this paper a military system is con-
sidered as being centered around a principal equipment item. For example,
the HAWK missile system is organized around a ground-to-air HAWK missile.
In contrast a military organization., although possessing many major equipment
it,.,•s, i :ot oriented toward any one hardware item. For example, the infantry
division is considered an organization rather than a system.

GENERAL CHARACTERISTICS OF A COST MODEL

Usually a cost model has the following general characteristics:
(a) The total resource implications of the systems or organizations to be

costed are divided into three major cost categories that portray their time-
phased "cradle-to-grave" life cycle:

Research and development costs. All those costs associated with the de-
velopment of a system or organization up to the point where it is ready for in-
troduction into the active inventory.

Initial investment costs. One-time or initial outlays required beyond the
development phase to introduce a new capability into operational use.

Annual operating costs. Recurring costs required to maintain and operate
a system or org-anization throughout its projected life in operational use.

(b) Each of these major cost categories is composed of other sets of
categories con structed to preclude the omission of significant cost elements.

(c) The relation oi each element and category is spelled out quantitatively.
(d) The cost model is designed in such a way as to assist in the analysis

of those cost elements that have the greatest impact on the total cost of a sys-
tem or organization.

(e) The cost model in its final form usually is composed of a set of equa-
tons that give in quantitative terms the type of cost information desired.

In the planning context there are essentially two major types of cost models
utilized in military cost analysis: (a) individual system or organization cost
models in which each system or organization is costed without consideration of
its interaction with the other systems or organizations within the total force
structure and (b) total force-structure cost models in which the individual sys-
tem or organization is costed in the context of the total force structure.

The Department of the Army's Force Structure Cost Model (FOSCOM) is
an example of the second type of cost model. Total force-structuie cost models
portray the real world with a greater degree of accuracy and are better pre-
dictive devices for changes in force structure than are individual system or
organization cost models. However. when quick comparisons of similar sys-
tems or organization,,' are required, an individual system or organization cost
model will permit initial analysis.



There is no single individual system or organization cost model. The type
of cost model that the analyst designs will depend on the kinds of questions to
be asked of the cost model and the data inputs available. Different types of
problems may require different cost models. For example, if the purpose of
the cost model is to provide "uninterpre-ýed costs" of present TOEs, then the
output format may be less detailed than that of a cost model used in a cost-
effectiveness study, where changes in the configuration of the alternatives are
to be analyzed. The cost model should be tailored to fit the questions asked
and the data available.

USE OF COST MODELS FOR COST-SENSITIVITY ANALYSIS

In comparing costs of alternative systems or organizations, it is important
to determine whether the relative costs are ;eally independent of major assump-
tions or are in fact quite sen, itive to them. For example, would it make a
significant difference in the relative costs of such competing organizations as
an infantry division compared with an airborne division, if one looked at 3 years
of peacetime operations as compared to 5 or 9 ? Would the results be distorted
if a high-flying-hour program were used instead of a low one? For a further
discussion on cost-sensitivity analysis the reader is referred to Novick.*

Generally the relative change in the ratio of operating to investment costs
for the different alternatives would determine the answer. If operating costs
relative to investment costs were higher for alternative 1 than for alternative 2,
it is reasonable to assume that, as the years of operation increase, alternative
1 will be relatively more expensive than alternative 2. Similarly, if mainte-
nance cost per flying hour were higher for a helicopter than for a fixed-wing
aircraft, the helicopter would be relatively more expensive under a high-flying-
hour program 'han a low one. In addition, as the size and complexity of the
aircraft are increased, maintenance cost per flying hour will also increase-

In cost-sensitivity analysis the given configuration of a system or organiza-
tion is first costed, using standard cost-analysis methodology. Then the con-
figuration is perturbed by varying a number of parameters, usually one at a
time, and the cost of the system or organization is reestimated for each varia-
tion. Finally the resulting costs for each of the alternatives are tested
for sensitivity.

*Novick, D., "System and Total Force Cost Analysis," RAND Corp., RM. 495-PR,
Apr 61, p 95.
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Chapter 3

THE ISOC MODEL

The ISOC Model is an IBM 7040 FORTRAN IV programmed master frame-
work to which any number of specific individual system or organization cost
models may be adapted. Both the questions to be answered and the cost in-
formation available to the analyst will determine the specific structure of the
model. Although the ISOC Model is a computer program, little if any knowl-
edge of the FORTRAN programming language is required by a cost analyst
to operate it.

The basic features and uses of the model are described in this chapter.

REQUIREMENTS FOR USING THE ISOC MODEL

Individual system or organization cost models are usually computed by
hand. Only when the number of alternatives to be costed becomes too large to
be handled manually does a computerized cost model become economically
feasible. The break-even point between using hand calculations or an electronic
computer depends ou such factors as (a) number of alternatives to be costed,
(b) complexity of the formulas used in estimating the costs, (c) number of man-
hours in terms of dollars required to cost an alternative manually, (d) computer
time in terms of dollars for costing the alternatives, and (e) man-hours in terms
of dollars required to enter the data into the computer.

By using a computerized cost model it is possible to achieve several dis-
tinct advantages over manual calculations: (a) greater speed in costing alterna-
tives, (b) better computational a, 'iracy, (c) better chance of testing major
assumptions, and (d) better documentation of the results.

The ISOC Model is a computer framework to which any number of different
individual system or organization cost models may be applied. Once a specific
cost model has been fitted into the ISOC Model, it becomes a unique individual
system or organization computerized cost model that then may be utilized for
any cost-analysis problem requiring its specific design configuration.

For example, the TSOC Model may be used for studies involving (a) cost
estimates of current or proposed TOEs, (b) cost-effectiveness analysis, (c)
cost estimates of different mixes of hardware within an organization, and (d)
cost-sensitivity analysis of various organizations and systems. Again, the
specific cost-analysis problem will determine whether the individual system

8



or organization cost model should be adapted to the computerized ISOC
Model o;' should be calculated by hand.

GENERAL CHARACTERISTICS OF THE ISOC MODEL

Principles of Design

The design of a cost model is dependent on (a) the data inputs available on
costs and quantities of physical resources and (b) the output in terms of cost
categories desired for a specific study. On the basis of the input and output
configuration the mathematical equations are formulated that then become
the model.

A skeletal framework of the cost categories is initially formulated on the
basis of a preliminary knowledge of the cost inputs. As the data inputs are de-
veloped with continuing investigation the cost categories are adjusted accordingly
to correspond to the input definition. When a relatively firm position has been
taken on the data inputs and correspondingly on the cost categories the equations
are written. This step-by-step progression in the development of the cost-model
framework will be guided throughout by the overall objectives and requirements
of the study for which the cost model is intended.

Finally, the adaptation of the specific cost model to the computer frame-
work of the ISOC Model results in a unique individual system or organization
computerized cost model that can then be used for any cost analysis problem
requiring its specific design.

Speed of Computations

The ISOC Model is a relatively inexpensive computer program designed
for relative ease of operation. The model requires 6 min of computer time to

calculate the costs for 100 alternative systems or organizations, using an
"average-sized" cost model. (An average-sized cost model is defined in this
paper as one containing 75 cost elements, 200 data inputs, and 100 other specified
equipment items.) Normally, the time required to calculate the cost of one
alternative would be less than 5 sec. In contrast the time required to calculate
the cost of the same alternative by hand would be approximately 4 hr.

The time required by the cost analyst to prepare the IBM data input sheets
for the model is more difficult to estimate. Two major factors will determine
the time required to prepare these input sheets: (a) the extent to which a specific
cost model already has been fitted into the ISOC Model and (b) the complexity
of design of the specific cost model to be applied to the ISOC Model.

If the ISOC Model has already been adapted to a specific cost model, less
than 15 min will normally be required to prepare three specially designed data-
input sheets necessary for costing the alternative.

The most time-consuming operation performed by the analyst is the adapta-
tion of the ISOC Model to a new specific cost model, since the specific cost
model must be constructed and fitted into the ISOC Model. Approximately 8 to
24 hr will be required to prepare the data-input sheets and check the ISOC
Model program.

9
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An example of fitting a specified individual system cost model into the
ISOC Model is presented in Chap. 5.

Materiel Data Library

The ISOC Model provides a library of cost factors for equipment items
common to more than one organization. For example, the M14 rifle, the AN/
VRC-12 radio sets, and 2/2-ton trucks can usually be found in most Army com-
bat organizations. Although the initial allowances for these materiel items vary
with the particular organization or system, the cost factors related to each ma-
teriel item usually remain the same.

The library simplifies the inputs required in costing a large number of
organizations and systems, since the cost factors need not be entered as inputs
each time initial allowances are specified for an organization or system. This
feature i; particularly useful in calculating the costs of Army organizations
that have many of these common materiel requiroments. The library may
supply thp follcwing information for a maximum of 300 individual materiel items:
(a) average unit costs, (b) maintenance-float factors, (c) replacement/consump-
tion factorL, and (d) combat-consumption factors.

Once the factors for these common equipment items have been entered
into the library, the analyst need only specify the initial allowance for each ma-
teriel item to be costed. Subprograms in the ISOC Model then will multiply
these initial materiel allowances by their respective cost factors. One or more
of these subprograms may be used to calculate (a) initial allowances plus main-
tenance float, (b) initial stocks, (c) initial allowances plus maintenance float plus
stocks, and/or (d) replacement/consumption for the chosen group of items.
Any of thesa computed quantities may be used as a term in any cost-category
equatiun.

Output Format

The output format of the ISOC Model contains the following information:
(a) List of the major data inputs to the model for each system or organiza-

tion costed.
,b) List of the initial allowance specifications for the "other specified

equipment" for each system or organization costed.
(c) Total costs for each alternative system or organization subdivided

into major cost categories consisting of research and development, initial in-
vestment, and annual operating costs. Detailed costs printed on the output
format will depend on the cost categories and cost elements defined within
these three major cost categories for a specific cost problem.

(d) Other selected data to be printed out with each alternative costed.
Sample output formats displaying cost categories and sensitivity param-

eters for two different types of cost studies are illustrated in Figs. 1 and 2.
Figure 1 provides an example of an output format for a sample TOE unit; Fig. 2,
for an organization incremental to an existing force strucire. All the examples
given are hypothetical and are presented for illustrative purposes only.

An example of a complete output format containing all the information on
output format is presented in Chap. 5, "Sample of Output Format of the ISOC
Model for Surveillance Aircraft System B."

10
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USE OF THE ISOC MODEL FOR COST-SENSITIVITY ANALYSIS

The ISOC Model permits a large number of major cost assumptions to be
tested for sensitivity. In testing sensitivity through the ISOC Model the analyst
is not required to enter a completely new set of data for each alternative to be
costed. The model only requires a new set of data for the assumptions being
tested; the basic cost data for each system or organization to be costed are
entered once and are used to calculate the costs for the "basic" configuration
of the system or organization.

For sensitivity analysis the ISOC Model will replace the basic data values
with new data values and then will recalculate the costs for the alternative sys-
tem or organization. These modifications to the basic data represent new al-
ternative cost estimates for that system or configuration. The process is con-
tinued until all the sensitivity assumptions have been costed.

Such major data values as inputs that are the same for all organizations
or systems to be costed or inputs that are unique to a particular system may
be altered for cost- sensitivity analysis.

The analyst may enter certain major assumptions only once for all organiza-
tions or systems to be costed. These major assumptions are in the form of
activity factoi-s, which are the same for all systems or organizations, as com-
pared with cost or specification factors, which may vary with each system o0:
organization. These major assumptions would include such ativity factors as
years of operations, flying-hour programs, and months of combat stockage. It
is possible to select a maximum of five different years of operations and five
other assumptions, each with a maximum of five different activity factors. In
the following example the cost analyst selected five different years of operations,
three different flying-hour programs, and two different months of combat stockage:

(a) Years of operations: 1, 3, 5, 9, and 11.
(b) Annual peacetime flying-hour programs: 240, 360, and 480.
(c) Months of combat stockage: 2 and 6.

These activity factors are entered only once in the model. With the above data,
30 alternatives will be costed for each system or organization entered in the
model calculations (5 x 3 x 2 = 30 alternatives). Disregarding years of opera-
tions, a maximum of 3125 alternatives could be costed for one system or organi-
zation using this feature (5 x 5 x 5 x 5 x 5 = 3125). Obviously, in using this input
device the analyst must take care in selecting the number of sensitivity assump-
tions and the number of factors for each assumption.

Other major assumptions that are unique to a particular system, e.g., the
cost estimates for an aircraft, may be entered on a data change sheet.
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Chrpter 4

EXAMPLE OF A SPECIFIC COST MODEL

This chapter presents an example of a specific 'L:--ividual system cost
model, the Surveillance Aircraft System Cost Model. rhis cost model can be
used to estimate the relative costs of alternative surveillance aircraft systems.
An individual with no more tools than perhaps a slide rule, pencil, and paper
could use this model. Using this Surveillance Aircraft System Cost Model and
the hypothetical cost data presented in App A, an analyst could calculate 240
alternatives by hand. The other extreme to these simple requirements is de-
scribed in the following chapter on the use of the ISOC Model, for which a high-
speed electronic computer is required. The information in Chap. 4 describes
the structure of the system cost model, which is used to illustrate the proce-
dures for adapting a cost model to the ISOC Model computer framework in Chap. 5.

DESIGN OF THE COST MODEL

The cost model described in this section was developed to estimate the
relative costs associated with a number of future surveitlance aircraft systems.
The cost model was designed to compare both Air Force and Army surveillance
aircraft systems. The differences between the services in such areas as pro-
curement policies, aircraft-maintenance organization, and logistics policies
required that care be taken to maintain consistency in the method of treating
similar items of resourU,ýs in the different systems.

The Surveillance Aircraft System Cost Model discussed in this chapter was
originally designed for a specific cost analysis study. Its design was based on
two major factors: (a) the specific costing problem and (b) the cost data available.

The Surveillance Aircraft System Cost Model was structured to identify
the costs as they occur in the natural life cycle of the systems in terms of (a)
research and development, (b) investment, and (c) operating. The cost categories
and their cost elements for the surveillance aircraft study are shown in the
accompanying list.

Cost Categories

Research and Development. In the Surveillance Aircraft System Cost Model
two cost elements were used in the estimation of research and development: (a)for
the aircraft and (b) for the surveillance packages. The costs of research and
development were estimated outside the cost model and processed in the model
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as "thruputs," i.e., input values on which no machine calculations are performed,
hence values are unchanged from input to output.

Initial Investment. Initial investment for the surveillance aircraft system
was subdivided into four main cost elements: personnel, installations, equip-
ment, and initial stocks.

"Personnel." This cost category represents the initial cost of training
and moving the additional pcrsonnel required by the introduction of the new
surveillance system. The categories for personnel were further subdivided
into initial training and initial travel.

Cost Categories and Elements
for the

Surveillance Aircraft System Cost Model

1.0 Research and Development 3.0 Annual Operating
1.1 Aircraft 3.1 Personnel
1.2 Surveillance 3.1.1 Training

3.1.1.1 Pilots
2.0 Initial Investment 3.1.1.2 Officer, Other

2.1 Personnel 3.1.1.3 Enlisted
2.1.1 Training 3.1.2 Pay and Allowances

2.1.1.1 New Pilots 3.1.2.1 Officer, Rated
2.1.1.2 Transitional Pilots 3.1.2.2 Officer, Nonrated
2.1.1.3 Officer Other 3.1.2.3 Enlisted
2.1.1.4 Enlisted 3.1.2.4 Civilian

2.1.2 Travel 3.1.3 Travel
2.2 Installations 3.2 Equipment
2.3 Equipment 3.2.1 Aircraft Attrition

2.3.1 Aircraft 3.2.2 Other Replacement/Consumption
2.3.2 Ground Support 3.3 Maintenance
2.3.3 Other Specified 3.3.1 Facilities
2.3.4 Organizational 3.3.2 Aircraft

2.4 Initial Stocks 3.3.3 Other Equipment
2.4.1 Aircraft Spares 3.4 POL
2.4.2 Aircraft POL 3.5 Services and Other
2.4.3 Other Specified

"Initial training" of personnel includes the resources required to bring
each man up to the leel of skill required for his occupation in the new system
or organization. Initial training represents the iricremental resources required
for the ititroduction of the system into the force structure. The availability of
fully trained personnel as well as the number of personnel requiring complete
or transitional training are taken into consideration in determining the resources
required. After the personnel required have been specified, the factors rep-
resenting the per-man training costs are applied to each of their respective
occupational groups to generate the initial training costs for the system. Four
types of personnel were used in specifying the requirements for initial training:
new pilots, transitional pilots, other officers, and enlisted personnel.

'Initial travel' includes the resources expended in transporting mili-
tary personnel to their first assigned duty station. Initial travel costs for the
surveillance system were computed by the application of travel-cost factors to
the totals of specified officers and enlisted personnel.
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"Installations." This cost element represents the resource implications
of providing arly additional facilities required for the introduction of a new system.

Installation costs were treated as "thruputs" in the Surveillance Aircraft
System Cost Model. In other words the cost estimates for installations were
made outside the cost model and no functional relation within the cost model
was used to estimate installation costs.

"Equipment." This cost category includes the initial cost for the opera-
tional equipment that the system will have on hand, plus the stocks required to
provide a replacement for items that need major overhaul and maintenance.
The operational equipment assigned to the organizations is designated "initial
allowances* by the Army and 'unit equipnm2nt" by the Air Force. The stockage
is termed wmaintenance floit" in the Army and 'command support" in the Air
Force. Two other requirements for equipment, combat consumption and re-
placement/ consumption, are accounted for under the cost categories "initial
stocks" and "annual equipment replacement/ consumption" respectively.

In any cost analysis study, all costs are not individually developed. Several
levels of detail are always considered, and the emphasis of the study determines
which costs will be estimated implicitly and which ones will be included in more
highly aggregated cost factors i. which individual detail is obscured.

For analytical purposes the costs for aircraft and ground-support surveil-
lance equipment were separated from the other materiel costs. Four cost ele-
ments were used to estimate equipment: aircraft, ground support, other speci-
fied equipment, and organizational equipment.

The costs for the first three cost elements were computed by multiplying
initial allowances plus maintenance-float stockage by the average unit cost of
the equipment.

The f-urth cost element, organizational equipment, represents the residual
equipment not directly specified for the system. The cost of this residual equip-
ment was approximated for a surveillance aircraft system by a per-military-
man cost factor.

"Initial Stocks." This category includes those supplies that are carried
by combat and support organizationis for the effective and continuing operations
of the unit. in the study of the surveillance aircraft systems, initial stocks
included aircraft spares, aircraft petroleum, oils, and lubricants (POL), and
other specified stocks.

"Aircraft spares" represents the extra equipment, accessories, or the
like that are held in reserve for use when needed. This cost element was esti-
mated by applying a spares factor for the aircraft to the total cost of the air-
craft in the system.

"Aircraft POL stocks' represents the initial FOL stockage required
when introducing a new system into the force structure. A specified number of
months' proportion of annual POL consumption is uscd in estimating initial
POL cost. (Annual POL consumption is estimated as the product of POL cost
per flying hour per aircraft, the flying-hour program per year, and the initial
allowances of the aircraft.)

"Other specified stocks" represents the materiel stocks procured for
use during the early phases of combat while production is being expanded. Pru-
curement of combat-consumption stockage could be authorized for such items
as trucks, rifles, and radios. The cost estimates for this stockage represent
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the summation of the various equipment items authorized by logistics guidance.
For those authorized items the cost of combat consumption stocks is generated
as the product of four factors: initial allowances, stockage factor (percentage
pcer month), months of supply authorized by logistics guidance, and the cost of
the equipment item.

Annual Operating. Annual operating represents those recurring -Osts re-
quired to maintain and operate the capability of the system throughout its pro-
jected life in operational use.

Five cost categories were used in estimating the annual operating costs
of the alternative surveillance systems: personnel, equipment, maintenance,
POL, and services and other.

"Personnel." Annual operating costs for personnel were divided into three
cost categories: annual training, pay and allowances, and annual travel.

"Annual training" represents the cost of training replacements for per-
sonnel leaving the military service as a result of discharge, return to inactive
status, or retirement. The annual training costs for personnel represents the
summation of annual training costs for pilots, other officers, and enlisted men.
For ea%,2 of these specification categories, annual training costs were estimated
by multiplying the total number of personnel in each category by an arnuai turn-
over rate to arrive at the number of additional personnel required per year to
maintain the personnel level within the system. The number of additional per-
sonnel multiplied by an estimated initial training cost generated the annual
training cost for that personnel type.

"Pay and allowances" includes the annual costs of such items as basic
pay, quart,ýrs allowance, and maintenance of clothing, associated with personnel
in each system. In the Surveillance Aircraft System Cost Model, pay and allcwances
verc :ýlculated for four types of personnel: flight-rated officers, nonrated
officers, enlisted men, and civilian personnel. Costs of annual pay and allow-
ances were computed by multiplying the specified number of each personnel
type by an applicable pay and allowance factor. After the annual pay and allow-
ances costs for each personnel type were estimated, these costs were summed
to arrive at the total annual pay and allowance costs for the system.

"Annual travel" represents the costs incurred in transporting the re-
placement personnel and their dependents to the assigned duty station. Annual
travel costs for the surveillance-aircraft systems were calculated by applying
appropriate initial travel-cost factors to the number of additional personnel re-
quired annually to replace personnel who leave the military service.

"Equipment." This cost category includes the resource implications for
peacetime attrition, training, and other annual consumption of materiel, This
additional equipment is required so that the authorized equipment levels will
not be depleted over time. Equipment was divided into the following subcate-
gories: aircraft attrition and other replacement/ consumption.

"Aircraft attrition" represents the costs for the number of aircraft
attrited per year during peacetime operations. Attrition aircraft is estimated
as the product of three quantities: the number of aircraft attrited per 100,000
flying hours, annual flying-hour program per aircraft, and the number of initial
allowance (unit equipment) aircraft in the system. Attrition aircraft required
per year is then multiplied by the average unit cost of the aircraft to estimate
the cost.
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"Other replacement. consumption" includes the estimated costs for
annual replacement or consumption of equipment other than eircraft in the sys-
tem. Yearly replacement.. consumption costs for an equipment itcm are com-
puted as the product of an annual replacement> consumption factor, the initial
allowance for the equipment item, and the average unit cost of the equipment.

"Maintenance." This category represents the annual costs required for
maintenance support of the units' equipment and facilities. Maintenance costs
were divided into three categories: maintenance of facilities, aircraft mainte-
nance, and other equipment maintenance.

"Maintenance of facilities" includes the materials and contractual ser-
vices required for maintenance of the installations. Military personnel associated
with maintenance of facilities are not included in this cost estimate but are
costed under the category 'pay and allowances." Maintenance of facilities was
treaied as a "thruput" in the Surveillance Aircraft System Cost Model.

"Aircraft maintenance" represents the annual cost of materiel and
depot labor required for maintenance of the aircraft within the surveillance-
aircraft system. The maintenance of aircraft would include both base and depot
for the Air Force, and first through fifth echelon for the Army. Pay and allow-
ances costs for maintenance other than depot (fourth and fifth echelon) would be
included in the cost category "pay and allowances." This cost category was
estimated as the product of the initial allowance of air -raft, the annual flying-
hour program per aircraft, and a maintenance cost per flying hour.

"Other equipment maintenance" represents the annual cost of materiel
and depot labor required to maintain the other equipment in a system. This
cost category was estimated by multiplying a per-man maintenance factor by
the total number of military personnel in the system.

"POL." This cost category represents the annual expenditures for fuels
and lubricants required for the aircraft in the surveillance system. The esti-
mate for POL costs was obtained as the product of the initial allowance of air-
craft, the annual flying hours per aircraft, and the cost of POL per flying hour.

"Services and other." This cost category represents those annual operat-
ing and maintenance costs not included in. any other category. This encompasses
such costs as contractual services, miscellaneous fuels, and locally processed
items. The "services and other" cost category was calculated by multiplying
thu total number of military personnel by a per-man cost factor.

Mathematical Notations

The English statements describing each element and category in a cost
model usually are translated into the more convenient mathematical form, e.g,,
the statement 'The cost of training new pilots in a system is equal to the
product of the number of new pilots required ao the training cost for each new
pilot," mathematically becomes:

A = BXC

where A = cost of training the new pliots in a system
B = number of new pilots required
C = training cost for each new pilot

In most cost models, mnemonic names are chosen for the algebraic sym-
bols. (Mnemonic names represerit any scheme or device used as an aid in
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TABLE 1

Mathematical Statements for the Surveillance Aircraft System Cost Model

Cost category and element Symbol

1.0 Researcii and development (1.1) (1.2)
1.1 Aircraft = RDAC
1.2 Surveillaace RDS

2.0 Initial investment (2.1) + (2 2) + (2.3) + (2.4)
"2.1 Personnel (2.1.1) + (2.1.2)

2.1.1 Training (2.1.1.1) + (2.1.1.2) + (2.1.1.3) + (2.1.1.4)
2.1,1.1 New pilots PPN x TPN

2.1.1.2 Transitional pilots = PPT x TPT
2.1.1.3 Officer, other = POO x TOO
2.1.1.4 Enlisted = PE xTE

2.1.2 Travel = (TVO x PO) - (TVF x PE)

2.2 Installations = FACI
2.3 Equipment = (2.3.1) + (2.3.2) + (2.3.3) + (2.3.4)

2.3.1 Aircraft = ACT x CAC
2.3.2 Ground support = SG x CSG

2.3.3 Other specified - N iAA (1 +MFi) Ci•i=1l

2.3.4 Organizational = PM x COE
2.4 Initial stocks = (2.4.1) + ý2.4.2) + (2.4.3)

2.4.1 Aircraft spares = SP x ACT x CAC
2.4.2 Aircraft POL = SM/12.0 x POL x FH x ACI

2.4.3 Other specified = IA x CC

3.0 Annual operating = (3.1) + (3.2) + (3.3) + 13 ,) + (3.5)

3.1 Personnel = (3.1.1) + (3.1.2) + (3.1.,)
3.1.1 Training = (3.1.1.1) + (3.1.1.f) -+ (3.1.1.3) + (3.1.1.4)

3.1.1.1 Pilots = YRS x TPN x PP x TORP
3.1.1.2 Officer, other = YRS x TOO x POO x TORO
3.1.1.3 Enlisted = YRS x TE x i'E x TORE

3.1.2 Pay and allowances = (3.1.2.j) + (3.1.2.2) + (3.1.2.3) + (3.1.2.4)
3.1.2.1 Officer, rated = YRS x PR x PAR
3.1.2.2 Officer, nonrated = YRS x PNR x PANR
3.1.2.3 Enlisted = YRS x PE x PAE
3.1.2.4 Civilian = YRS x PC x PAC

3.1.3 Travel = YRS [TVO x (PP x TORP + POO x TORO) +
TVE x PE x 'rORE1

3.2 Equipment = (3.2.1) + (5.2.2)

3.2.1 Aircraft attrition = YRS (ACI x FH x RCAC round100,000 integer

3.2.2 Other replacement/consumption = YN YRS [(IA x RC CI

3.3 Maintenance = (3.3.1) + (3.3.2) + (3.3.3)

3.3.1 Facilities = YRS x FACNI
3.3.2 Aircraft = YRS x ACI x Fli x LMFH
3.3.3 Other equipment = YRS x PM x CMU

3.4 POL = YRS x ACI x IHI x POL
3.5 Ser,:ices and other = YRS x PM x CO
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"TABLE 2

Variable Data Names for the Surveillance Aircraft System Cost Model

Data name Identification Data name identification

Major Names PP = rota! number of pilots

ACI = Initial allowances-aircraft PPN = Number of new pilots

ACT = Initial allowances plus mainte- PPT Number of transitional pilots

PR = Number of rated officers
CAC = Average unit cost-aircraft RCAC = Peacetime aircraft attrition per
GAG = Mavnerage-unicost- iitcryt 100,000 flying hours
CMU = Maintenance-cost per military RDAC = Resý!arch and development-

personnel icrf

CMFH = Maintenance-cost per flying RIS aircraft
hourResearch and development-

CO = Services and other surveillance

COE = C ist-organizational equipment SG = Initial allowances plus mainte-
COE ~'st-rgaizaionl euipentnance float--sensor

cost per military personnel SM = Months of stockage

CSG = Average unit cost-sensor Mntss fato r-a ir
SP = Initial spares factor--aircraft

FACI = Initial installations TE = Initial training cost-enlisted
FACN = Maintenance of facilities TOO = Initial training cost-other
FH = Peacetime annual flying hour officers

per aircraftpe arratTORE -- Turnover ratio--enlisted
LOG = Number of months of logistics TORO = Turnover ratio-other officers

guidance TORP = Turnover ratio-pilots
PAC Pay and allowances--civilian TR unvrrtopltPAC = Pay and alIowances-enlisted TPN = Initial training cost-new
PAE = Pay and allowances-ennlisted pilots

officers TPT = Initial training cost-transi-officerstional pilots
PAR = Pay and allowances-rated Tial potsTVE = Travel cost--enlisted

officers TVO = Travel cost-officers
PC = Total number of civilian per-

sonnel Other Specified Equipment Names
PE = Total number of enlisted per- CCi = Combat consumption factor for

sonnel the ith equipment item
PM = Total number of military per- IAi = Initial allowance for the ith

sonnel equipment item
RNR Number of nonrated officers MF. = Maintenance float factor for

PO = Total number of officers the ith equipment item
POO Number of oher officers RCi = Replaccment/consumption fac-
PoLl POL-cost per flying hour tor for the ith Lquipment item

remembering certain facts.) For example, the mnemonic name for personnel,
pilot, new could be PPN, and for training cost per pilot, new the mnemonic name
could be TPN. In the Surveillance Aircraft System Cost Mod6l, mnemonic names
were used for the data variables, and digit-level indicators were used to replace
the English names for the result of each cost computatlon. These are illustrated
in the following example:

2.1.1.1 New pilots = PPN x TPN

where PPN number of new pilots required
TPN training cost for each new pilot

2.1.1.1 cost of training the new pilots in a system
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In addition, decimal-level indicators vere used to sum the results of the
cost calculations to the level of their respt.ctive cost categories:

2.0 Initial investment = (2.1) + (2.2;) + (2.3) + (2.4)
2.1 Personnel - (2.1.1) +(2.1.2)
2.1.1 Training = (2.1.1.1) + (2.1.1.2) + (2.1.1.3) + (2.1.1.4)

2.1.1.1 New pilots = PPN x rPN

The mathematical statements used in the Surveillance Aircraft System
Cost Model, followed by a list of the mnemonic data names and their English
translation, are provided in Tables 1 and 2, respectively.

DATA INPUTS

Once the cost model has been designed and the sensitivity parameters
established the cost model is ready for operation. All that is lacking in the
Surveillance Aircraft System Cost Model is the actual data to be used in place
of the data names in the cost-element equations.

Examples of the typeic of data inputs that may be used in the Surveillance
Aircraft System Cost Model are presented in App A for two hypothetical air-
craft systems. It should be noted that these data inputs are fictitious and are
presented for illustrative purposes only. However, given these simulated data
inputs a cost analyst could, if lie desired, calculate the cost manually for 240
alternatives (2 air,!raft systems x 5 different years of operating x 3 flying-
hour programs x 2 combat-consumption stockage policies x 2 aircraft cost
estimates • 2 attrition factors = 240 alternatives) or use the ISOC Model dis-
cussed in Chap. 5.

SENSITI VITY ANALYSIS

Usually there are numerous assumptions for which sensitivity analysis
would be desired. Some possible assumptions that could be tested for each
surveillance-aircraft system are

(a) Years of peacetime operating: 3, 5, 7, 9, or 11.
(b) Annual peacetime flying-hour program: 240, 360, or 480.
(c) Months of combat consumption stockage policy: 2 and 6.
(d) Aircraft cost estimate: upper and lower eetin'dte for each aircraft.
(e) Peacetime attrition per 100,000 flying hours: upper and lower estimate

for each aircraft.

If a. ne assumptions shown above were desired for cost analysis of five
surveillance-aircraft systems, the costing of 600 alternatives would be required

(i.e., 5 x 5 x 3 x2 x2 x 2 600). It should be noted that the major use of a cost
model is for analysis. The mere costing of a large number of alternatives does
not provide cost analysis. In fact the data-reduction problem of selecting those
alternatives to be analyzed in detail is a major problem. Care must be taken
by the cost analyst in selecting the alternatives to be costed.
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Chapter 5

EXAMPLE OF THE USE OF THE 1SOC MODEL

The costs of the two surveillance aircraft systems discussed in the pre-
vious chapter could have been hand-computed using the Surveillance Aircraft
System Cost Model. However, if one were to test the sensitivity of the major
assumptions defined in the section "Mathematical Notations,, a total of 240
alternatives would require costing for the two aircraft systems. For this cost-
ing problem the use of the ISOC Model would be desirable.

In this chapter the fea-tures of the Surveillance Aircraft System Cost Model
and fictitious data values devised for the two hypothetical aircraft systems are
used to illustrate the procedures for translating the data for a specific cost
model into a form usable in the ISOC Model. Detailed information regard-
ing data format specifications, quantity restrictions, input deck preparation, and
program operation will be included in Vol II of this paper now in preparation.

PREPARATION OF INPUT DATA

The input data for the ISOC Model are entered on 10 special preprinted
input sheets, which are divided into three sets. Set A contains the data required
to cost alternative syste ns or organizations. Sets B and C relate to the design
of the specific cost model when alapted to the ISOC Model configuration. Sup-
plementary information relating to the specific model is also contained in Set B.

The FORTRAN programming language is used only to enter data on the
input sheets in Set C.

The input sheets used for the ISOC Model consist of the following:

Sheet Title

C-I Preliminary Equations
C-2 Cost-Element Equations
C-3 COMMON Data Sequence

B-1 Cost Category/Element Names
B-2 Selected Data for Printout
B-3 Other Specified Equipment Items
B-4 General Sensitivity Assumptions

A-1 Major Data Inputs
A-2 Initial Allowances of Other Specified Equipment
A-3 Major Data-Change Sheet
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Punched cards are prepared from these input sheets, and the data in this
form are then used as inputs to the IBM FORTRAN IV ISOC Model computer
program.

ADAPTATION TO A SPECIFIC COST MODEL

This section discusses the inputs that must be completed when a new
specific individual system or organization cost model is fitted into the ISOC
Model. These inputs are required 0nly when modifications or changes to a
specific cost model are made for use in the ISOC Model. Approximately 8 hr
was required by the cost analyst to translate the information on the Surveil-
lance Aircraft System Cost Model to a form usable in the ISOC Model. These
8 hr included preparation of the input sheets in Sets B and C as well as "debug-
ging" the computer model.

Input Sheet C- 1-Preliminary Equations

Input Sheet C-1 is used to enter any equations that are necessary to cal-
culate intermediate values for eventual use in the cost-element equations. Equa-
tions to calculate the average unit cost from cost-quantity relationships (i.e.,
"learning curves") could be entered on this sheet.

For the Surveillance Aircraft System Cost Model it was considered de-
sirable to have the ISOC Model compute the total number of pilots, the total
number of officers, and the total number of military personnel instead of cal-
culating the totals manually outside the model. The mathematical statements
required to calculate these figures are

PP = PPN +PPT

PO = pp +PO
PM = PO + PE

where PP =tota] number of pilots
PPN = number of new pilots
PPT = number of transitional pilots

PO = total number of officers
POO = number of other officers
PM = total number of military personnel
PE = number of enlisted personnel

These preliminary equations coded in FORTRAN IV programming language
were entered on Sheet C-1 for the Surveillance Aircraft System Cost Model.
Figure 3 shows these three equations as they are entered on the input sheet.

FORTRAN IV programming permits intermediate calculations to be stored
for later use in the program. Once a value has been generated in the ISOC
Model it can be used in following equations. For example, in the equations
shown in Fig. 3, not only are the three FORTRAN statements used in the cost-
element equations, but also the total number of pilots (PP) calculated in the
first equation is used in the second FORTRAN statement to compute the total
number of officers (PO).
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Input Sheet C-2: Cost-Element Equations

sheet C-2 is used to enter the cost-element equations defined for the cost
catlgories used in a specific cost model. The values of the cost categories are
calculated in turn by the computer program by summing the computed value of
the component cost eiements to the levels of the cost categories.

The cast categories for the Surveillance Aircraft System Cost Model as
presented in Chap. 4 contain 30 cost-element equations. Each of these cost-
element equptions, as written in FORTRAN 1V programming language, is shown
on input Sheet C-2 in Fig. 4.

On the left of the equal sign the name of each cost element has been re-
placed by a FORTRAN array name that identifies the cost category to which
each element belongs. The FORTRAN names are similar to the digit-level
indicators used to identify the cost categories and their elements, as shown in
Table 1. As can oe seen from Fig. 4 the FORTRAN name "X" (fixed name)
identifies a cost element in the category of "Research and Development." Sim-
ilarly, "Y" (fixed name) identifies a cost element within the category of "Initial
Investment," and "Z" (fixed name) within a category of "Annual Operating.'

The second-, third-, and fourth-digit indicators identify the specific
cost element.

For example the cost category "2.0 Initial Investment-2.1 Personnel-
2.1.1 Training" includes the following elements:

2.1.1.1 New Pilots = PPN x TPN
2.1.1.2 Transitional Pilots = PPT X TPT
2.1.1.3 Officers, Other = POO X TOO
2.1.1.4 Enlisted = PE X TE

These same cost-element equations are translated into FORTRAN state-
ments as follows:

Y (1, 1, 1) = PPN *TPN
Y (1, 1, 2) = PPT TPT
Y (1, 1, 3) = POO *TOY (.1, 1, 4) = PE •* TE

The FORTRAN expressions oa the right of the equal sign are similar in
form to the mathematical equations devised for the Surveillance Aircraft Sys-
tem Cost Model. (Because the FORTRAN language uses periods for another
purpose, the digit-level indicators are set off with commas in Input Sheet C-2.)
With minor exceptions the mnemonic names used in the equations are used as
FORTRAN variable names. In addition the FORTRAN arithmetic operators
listed are relatively close to the mathematical operators normally used for
hand computations:

+ = addition
Ssubtraction

*= multiplication
/= division

Input Sheet C-3: COMMON Data Sequence

Input Sheet C-3 lists the mnemonic namnes for the major data items used
in the FORTRAN statements on Sheets C-I and C-2. (The names included on
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thin form do not inciude the mnemonics used for sensitivity assumptions, years
of operation, cr "other specified equipment." These are handled internally
within tihc computer program.)

Sheet C-5 assigns the sequential order in which the major data items will
be entered on Sheet A-i, "Major Data Inputs," described in a subsequent section.
The listing of these names may be in any sequence that is convenient for col-
lection and posting on Sheet A-i.

An example of the listing of data names on Sheet C-3 is provided in Fig. 5.
For purposes of illustration the mnemonic names and sequential order of the
listing are based on the data tabulation shown in App A.

Input Sheet B-I: Cost Category/ Element Names

The cost-category and cost-element names to appear on the output listings
for the ISOC Model are entered on Sheet B-I.

In the Surveillance Aircraft System Cost Model the mnemonic name for
each cost category and element calculation was identified by a digit-ievel indi-
cator (see Table i), e.g.,

2.1.1.1 New Pilots = PPN x TPN

F(or computational purposes these four-digit-level indicators were slightly
modified in the FORTRAN statements used in the ISOC Model, e.g.,

Y(1, 1, 1) = PPN*TPN,

where Y = investment cost category, and Y2 , Y3 , and Y4 represent the second-,
third-, and fourth-digit indicators for the particular cost element within that
cost category.

On input Sheet B-I the four-digit-level indicators, utilized as mnemonic
names in the equations for the Surveillance Aircraft System Cost Model, as-
sociate the English name to appear on the output listing with the results of the
calculations within the ISOC Model.

Figure 6 shows the entry on Sheet B--1 of the names and corresponding
digit indicators for the cost categories and elements in the Surveillance Air-
craft System Cost Model listed in Table 1. It should be noted that the arrange-
ment of tiie names on this input sheet will determine the order of the listing on
output format.

Input Sheet B-2: Selected Data for Printout

The cost analyst may select up to 10 data items to be printed out for each
alternative costed. Input Sheet B-2 is used to list the specific input parameters
that are desired for ootput for each alternative.

The data selected for printout for each alternative in the Surveillance Air-
craft System Cost Model consisted of the following items:

New pilots
Transitional pilots
Total pilots
Other officers
Total officers
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Enlisted personnel
Total military personnel
Peacetime attrition per 100,000 flying hours
Number of aircraft
Average unit aircraft cost

The items were entered on Sheet B-2 as shown in Fig. 7.

Input Sheet B-3: Other Specified Equipment Items

The cost data for up to 300 "other specified equipment" items are entered
on Sheet B-3. In the example of the Surveillance Aircraft System Cost Model,
"other specified equipment" represented the costs for all specified equipment
other than aircraft and ground support. In other cost models, this same sub-
routine may include all specified equipment if desired. Residual equipment,
i.e., "organizational," was handled on a dollar-per-man basis.

In the ISOC Model this information is placed in a library for use whenever
a system or organization requires a specific set of data (a general description
of the features of the library is provided in Chap. 3). A computer subprogram
designed to simplify the calculations for "other specified equipment" is next
described.

A sample of input data on Sheet B-3 is shown in Fig. 8 for the hypothetical
surveillance-aircraft systems.

Subprograms for Other Specified Equipment

In the ISOC Model special subprograms have been devised to simplify the
cost calculations for the "other specified equipment" cost elements. This per-
mits the cost analyst to "call" data values from a library through the computer
program rather than entering cost inputs, maintenance-float factors, replace-
ment/consumption factors, and combat-consumption factors for each materiel
item each time a system or organization is to be costed (see Chap. 3 for a gen-
eral description of the materiel data library). The following example illustrates
the use and calculation process of the subprogram.

Assume that it is desired to compute cost element "2.3.3 Initial Allowances
Plus Maintenance Float for Other Specified Equipment."

The cost analyst would code the cost-element equation as follows on Sheet
C-2 "Cost Element Equations" (Fig. 4)

Y (3, 3, 1) = VEST (IQUIP, EQUIP)

The analyst would then enter those equipment items that are common to
more than one organization or system on Sheet B-3 "Other Specified Equip-
ment Items.' Assume further than the relevant dai~a in the library for the five
equipment items provided the following information:

Equipment Unit cost, Maintenance
code dollars float

A 1000 0.10
B i500 0.07
C 2000 0.05
D 3000 0.10
E 4000 0.05
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This information, when entered on Sheet B-3, will then be available for future
calculations as is described in the previous section.

If four of these equipment items in the library are to be costed, the analyst
would enter the following equipment codes and their initial allowances on input
Sheet A-2 "Initial Allowances of Other Specified Equipment":

Equipment code Initial allowances

A 2
C 5
D 1
E 7

For the items selected for the particular configuration the calculations
would then be carried out by the VEST subprogram, using the cost-element
equation shown on Table 1 for Initial Investment of Other Specified Equipment:

N
1 IAi (U +NIF )ci

where i = equipment item
N = total number of other specified equipment items in system or

organization
lAj = initial allowance of itei, i
Cj = cost of item i

MF1 = maintenance-float factor of item i
The results of the calculations through the computer subprogram would

be as follows:

Cost/unit, Cost/Ci,
Equipment code IA1  MFi dollars Itemo Ci dollars

A 2 x (1 +.10) = 2.20 x 1000 = 2,200
C 5 x (1 +.05) = 5.25 x 2000 = 10,500
D 1 x (1 +.10) = 1.10 x 3000 3,300
E 7 x (1 +.05) = 7.35 x 4000 = 29,400

Total 45,400

The equations for the other subprograms available in the ISOC Model are
described as follows:

(a) Initial stocks for "other specified equipment"

N
II A, , CCI, I ,OG I C,

I I

where CC, is the combat-consumption factor for item i and LOG is the number
of months of combat stockage. The other symbols, IA, and c:, are defined above.
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(b) Initial allowances plus maintenance float plus stocks for "other speci-
fied equipment"

N
1 I 0 .\ i ( +-",1!" , ,- 0 A 1' -C i x.: LO G ) ] C 1

where all symbols are defined in the previous equations.
(c Annual operating costs for "other replacement/ consumption"

N
S[0\i ,I, C.) C.] YIS

where HCi is the replacement/ consumption factor for equipment item i, YRS
is years of operation, and the other symbols as defined above.

Input Sheet B-4: General-Sensitivity Assumptions

Input Sheet B-4 (Fig. 9) is used to enter data relating to sensitivity as-
sumptions. In addition a scale factor is entered on the sheet for selecting the
scale of the cost output (thousands, tens of thousands, hundreds of thousands,
millions).

The sensitivity assumptions entered on Sheet B-4 relate to all organiza-
tions or systems to be costed. Once these data have been entered in an ISOC
Model configuration, the factors automatically will be used each time a system
or organization is costed. Usually these sensitivity assumptions will represent
activity factors as compared with cost or specification factors (see description
of sensitivity analysis in previous chapter).

It is possible to select up to five different years of operations and a maxi-
mum of five sensitivity assumptions with a maximum of five different factors.
Caution must be used in choosing the number of assumptions to be analyzed
and the number of values considered for each. Not only will the data on this
input sheet be recycled each time an organization or system is introduced into
the ISOC Model, but also there is a potentiality for automatically calculating
the costs of 15,625 alternatives for one system or organization (56 = 15,625).
Obviously it is necessary that the cost analyst take care in selecting the num-
ber of sensitivity assumptions and the number of factors for each assumption.
At the present time no decision criteria have been programmed for limiting
the output of the ISOC Model.

The following sensitivity assumptions selected for the Surveillance Air-
craft System Cost Model are entered on Sheet B-4,

(a) Years of operations: 3, 5, 7, 9, and 11.
(b) Annual peacetime flying hours per aircraft: 240, 360, and 480.
(c) Combat-consumption-stockage policy (LOG GUIDANCE): 2 months

and 6 months.

COSTING OF ALTERNATIVE SYSTEMS OR ORGANIZATIONS

The preceding section describes the adaptation of the ISOC Model to the
Surveillance Aircraft System Cost Model. The ISOC Model in this configura-
tion is capable of calculating the relative costs of any number of surveillance
aircraft systems. All the necessary inputs to operate the ISOC Model have
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been presented except the actual cost data required to calculate the costs of
an alternative.

These data values for costing alternatives are entered on three specially
designed input sheets: Sheet A-1, "Major Data Inputs"; Sheet A-2, "InitialAllow-
ances of Other Specified Equipment"; and Sheet A-3, "Major Data-Change Sheet."

For illustrative purposes in using the ISOC Model, 240 alternative con-
figurations for the two hypothetical surveillance aircraft systems are assumed
to be required for cost-sensitivity analysis. (in reality, a cost analyst usually
would not require the cost estimates for all these 240 alternatives.) Sensitivity
assumptions selected are:

(a) Years of peacetime operating: 3, 5, 7, 9, and i1.
(b) Annual peacetime flying-hour program: 240, 360, and 480.
(c) Combat-consumption-stockage policy: 2 months and 6 months.
(d) Aircraft cost estimates: upper and lov er estimate for each aircraft.
(e) Peacetime attrition per 100,000 flying ,ours: upper and lower esti-

mate for each aircraft.
For costing these 240 alternatives orny 2:L input sheets would be required:
Surveillance-aircraft system A.

One input Sheet A-1, `Major Data Inputs," containing lower- cost- estimate
value and lower-attrition-esti nate value for aircraft A.

One input Sheet A- 2, "Initial Allowances of Other Specified Equipment."
Three input Sheets A-3, "Major Data-Change Sheets," for each of the

following data changes:
(a) Lower-cost--estirnate value and upper-attrition-estimate value

for aircraft A.
(b) Upper-cost-estimate ialue and lower-attrition-estimate value

,or aircraft A.
(c) Upper--cost estimate and upper-attrition value for aireraft A.

Surveillance-aircraft system B:
One input Sheet A-1, "Major Data Inputs," containing lo',I-r-cost-estimate

value and lower-attrition-estimate value for aircraft B.
One input Sheet A-2, "Initial Allowances of Other Specified Equipment."
Three input Sheets A-3, "Major Data-Change Sheets," for each of the

following data changes:
(a) Lower- cost-estimate value and upper-attrition value for

a~rcraft B.
(b) Upper-cost-estimate value and lower-attrition-estimate value

for aircraft B.
(c) Upper-cost-estimate value and upper-attrition value for air-

craft 3.
Input procedures and data requirement; for these input sheets are de-

scribed in the fo0 !, I Ing sections.

Input Sheet A-i: Major Data Inputs

This Input sheet is used to enter the data values associated with each
variable data name used in the cost-model equations. A number of mnemonic
names used in the cost-element equations are fixed names; e.g., years of opera-
tion YRS and the sensitivity assumptions SA( 1) to SA(5) are predetermined.
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These names or their data values are not listed on input Sheet A-1. This input
sheet must be used for each organization or system to be costed.

In adapting the ISOC Model to the Surveillance Aircraft System Cost Model
the analyst would list the variable names used and then arrange these mnemonic
names on a master of input Sheet A-1 in all order that would be convenient for
collection and posting. Duplicates of this master could then be used to enter
the actual data values required in calculating the costs for different surveil-
lance systems.

The information ent-'red on input Sheet A- 1 lists an alternative identifier,
a title card, a maximum of six lines of comments, and the major data values.

Figures 10 and 11 show the input data for aircraft system A and aircraft
system B, respectively. These data values posted on these two input sheets
were extracted from a worksheet given in App A.

The input values for the total number of pilots (PP), total number of of-
ficers (PO), and total number of military personnel (PM) were not entered.
These figures will be calculated in the ISOC Model according to procedures
described in the section "Input Sheet C-1: Preliminary Equations." The equa-
tions are entered on input Sheet C-1, as shown on Fig. 3.

Input Sheet A,-2: Initial Allowances of Other Specified Equipment

The input sheet may be used to enter the initial allowances for those equip-
ment items for which cost factors are entered in the ISOC Model library (for a
discussion on using thi. f+ature of the ISOC Model, see the previous section
"Subprograms for Other Specified Equipment").

The iitia! allowance: of "other specified equipment" for the two surveil-
lance-aircraft systems (presented in App A) are entered on input Sheet A-2 as
illustrated in Figs. 12 and 13. It should be noted that the descriptive name for
each item is for the cost analyst's use and is not to be keypunched.

Input Sheet A-3: Major Data-Change Sheet

This input sheet may be used to change the configuration of the major data
values listed on input Sheet A-1 (•igs 10 and 11). Once the data values have
beer, changed th- ISOC Model will recaccuLate the total cost for the system or
organization. With the use of input Shi.et A-3, any number of sets of changes
can be made during one computer ruu.

The "Major Data-Change Sheet" may be used to test the sensitivity of the
major assumptions 9eculiar to a given sy. stern. For example the sensitivity of
the cost estimate for a future aircraft colild be tested using this input sheet.
"This is in contrast to those sensitivity assumptions entered on input Sheet B-4
;FVg. 9), for which activity factors will be used in all systems costed by the
iSOC Model.

Ac example of using this input sheet is shown in Figs. 14 and 15 for air-.
craft systems A and B, respectively. The input sheets were used to enter the
upper-attrition estimates for the two alrt raft.

OUTPtr'r FORMAT FOR TIHE ISoC MODY1,

This chapter has presented an iliustration of the input data required by
the ISOC Model to 'alculate the relative costs of two hypothetical surveillance
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aircraft systems. It would be impractical to present all the output generated
by the ISOC Model for the 240 alternatives that could have been costed. How-
ever, an example of one alternative costed for aircraft system B is illustrated
in Fig. 16. In the example the following assumptions were tested for sensitivity:

Lower-aircraft cost estimate.
Upper-peacetime attrition estimate.
Years of peacetime operation: 5.
Annual peacetime flying hours: 360.
Months of combat stockage (LOG GUIDANCE): 6.

SUMMARY OF PROCEDURES FOR USING THE ISOC MODEL

The major stcps required by a cost analyst to operate the ISOC Model may
be summarized as follows: (a) determination of what is to be costed in terms
that are capable of being costed, (b) selection of those major assumptions that
should be tested for sensitivity, (c) formulation and design of the specific in-
dividual system or organization cost model, (d) preparation of the input data
required to adapt the ISOC Model to a specific individual system or organiza-
tion cost model, and (e) preparation of the input data required to cost the alterna-
tive systems or organizations.

When the above input data are placed in the computer program the ISOC
Model is operational.
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Appendix A

DATA VALUES FOR TWO HYPOTHETICAL AIRCRAFT SYSTEMS

Tables
A1-A3. Surveillance Aircraft System Cost Model

Al. Input Data Worksheet 57
A2. Other Specified Equipment Items 60
A3. Initial Allowances of Other Specified Equipment 61
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This appendix contains the input data that were used for illustrative pur-
poses in describing the input sheets for the ISOC Model in Chap. 5. IL should
be emphasized that the data values entered on these tables for the two hypo-
thetical surveillance-aircraft systems are fictitious. Furthermore the items
selected for entry on the tables are intended as examples only of the type " of
information that may be required in costing a system or organization. In an
actual costing study the form of the cost categories, equations, and other data
inputs would be determined by the nature of the specific costing problem and
the cost information available to the analyst.

Three cables listing the input data for the Surveillance Aircraft System
Cost Model are included in the appendix: Table Al, "Input-Data Worksheets"-
Table A2, "Other Specified Equipment Items"; and Table A3, "Initial Allowances
of Other Specified Equipment."

The worksheets in Tables Al and A2 are also examples of the formats that
are currently in use for convenient collection of input data. The inputs entered
on the forms will of course vary with the requirements of the individual costing
study to which the ISOC Model is applied.

Reference is made by footnotes in the tables to the input sheets on which
the data items and values are entered.
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TABLE A3

Surveillance Aircraft System Cost Model-Initial Allowances of

Other Specified Equipment

Equipment name
Initial allowances

Gun, Machine, 7.62 mm .5 /00

Gun, Mac hine, cal .50 /0

Rifle, 7.62 mm If /110009

Truck, N ton, ABT -- ?9

Truck, 2V2 ton, ABT /00 /20

Truck, Fuel Service, 5000 gal .," ti'

Truck, Utility, Y ton 0Zoo / Is'

Radio Set, AN/PRC-XX -7-0

Radio Set, AN/VRC-XX /040

Radar Set, AN/MPQ-XX /0

Generator Set /0 /2.

Darkroom, Photographic /0 /.0

Test Set, Receiving - -

Test Set, Radar "

aSee Sheet A-2, Fig. 12.
bSei Sheet A-2, Fig. 13.
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